ABSTRACT Females of Phyllophaga obsoleta (Blanchard) (Coleoptera: Scarabaeoidea: Melolonthidae) perform "sexual calling" with their protractile genital chamber (PGC) exposed to release substances that attract males. Histological aspects of the PGC and accessory glands (AGs) of P. obsoleta females were studied. Studies with light microscope and transmission electron microscope revealed exocrine tissue in the posterior section of the PGC, where it might be producing the attractants. This epithelial gland is formed by a basement membrane, a hypodermis for substance production, secretion, and transport (cells, nucleus, mitochondria, endoplasmic reticulum, Golgi complex, and presence of folds in the plasma membrane), as well as evidence of the substance to be secreted to the outside (connecting cuticular pores to plasma membrane). Histological similarities between AG types I and II were observed, although only the PGC had properties of class I cells. These results suggest that the posterior section of the P. obsoleta PGC is involved in sex pheromone production.
In many coleopteran species, the biology and morphology of structures that produce sex pheromones are relatively well known (Ma and Ramaswamy 2003) , although in the melolonthid species this information is scarce and dispersed (Moró n et al. 1997) . Sex pheromones in some species originate from a pair of accessory glands as a consequence of associated symbiotic bacterial activity (Hoyt et al. 1971) . In other species, the sex pheromones are produced in epithelial cells located in the anal plate and in apical sternites and are emitted through cuticular pores (Tada and Leal 1997) or from an epithelial gland consisting of class I cells located in a "bag" that is exposed by the females during sexual calling (Kim and Leal 1999) . Class I cells are considered as the principal producers of sex pheromones in insects (Ma and Ramaswamy 2003) .
In the melolonthine species Phyllophaga obsoleta (Blanchard) (Coleoptera: Scarabaeoidea: Melolonthidae), the females perform "sexual calling" during which their protractile genital chamber (PGC) is exposed to release substances that attract males. Structures like the PGC were wrongly called "bags" in other studies (Romero-Ló pez et al. 2005 , 2009 ). In the integument of the PGC, the cells associated with sex pheromone production can be observed, such as those found in Holotrichia parallela (Motschulsky) (Kim and Leal 1999) . However, female Phyllophaga anxia (LeConte), a species related to P. obsoleta, possess a pair of type I and II accessory glands (AGs) that produce sex attractants (Berberet and Helms 1972, Zamotailov 1988) .
In this research, the tissues of the PGC and AGs were studied to obtain morphological evidence regarding structures involved in the production of the sex pheromone of P. obsoleta.
Materials and Methods
Insects. The insects were collected directly from the ßoor underneath lights located in Yautepec, Morelos, Mé xico, at an altitude of 1,100 m. The collection was carried out during JuneÐAugust 2005 and 2006, between 2045 and 2130 hours. The females were separated and taken to the laboratory to be taxonomically identiÞed in accordance with the criteria established by Moró n (1986). Adults in good external condition (complete body, no damage, and without developed eggs) were selected.
Light Microscopy. The PGC and both types of AGs were removed from the abdominal region of 10 females and Þxed in Duboscq-Brasil for 72 h after which they were washed separately in 80% alcohol. PGC and AGs were transversally cut in three parts, thereby obtaining an anterior, middle, and posterior part, and the material was Þxed again in Duboscq-Brasil for 24 h. Samples were washed for a second time with 80% alcohol; dehydrated with 80, 90, and 100% alcohol; and dyed with 1% erythrosine in 100% alcohol for 3 h. The samples were then washed in 100% alcohol, placed in methyl benzoate, washed again with benzyl, and placed in a mixture of benzyl-parafÞn (1:1) at 60ЊC for 3 h. The mixture was subsequently changed to pure parafÞn at 60ЊC with two changes, each lasting 12 h. Finally, the material was introduced into molds to carry out transverse and/or longitudinal cuts. Cuts of 5Ð7 m in thickness were made using a rotatory microtome and contrasted with 0.05% safranin and 0.12% fast green. The resulting preparations were observed under a Photomicroscope III (Carl Zeiss, Oberkochen, Germany) with a digital camera (Pixera Co., Los Gatos, CA).
Transmission Electron Microscopy (TEM). The three parts of the PGC and AGs from 10 females were Þxed in 3% glutaraldehyde in a 0.2 M phosphate buffer (pH 7.4) at 4ЊC, postÞxed in 1% OsO 4 , and embedded in Epon 812. The cuts (30 Ð 40 nm) were contrasted with uranyl acetate and lead citrate. The study was carried out with a JEOL 1200 EX II TEM at 70 kV.
Results

PGC.
The PGC in melolonthid females is a cavity or chamber coated with epithelial tissue and a muscular wall located in the posterior end of the eighth abdominal segment as a posterior extension of the oviduct (Berberet and Helms 1972 , Coca-Abia and Martṍn-Piera 1991 , Coca-Abia et al. 1993 (Fig. 1) . In some species, this chamber is protruded or exposed during determined conditions by action of muscles associated it (Romero-Ló pez et al. 2009). Following the terminology of Nation (2002) , the integument consists of three layers as was observed with a light microscope and TEM (Figs. 2 and 3) . The Þrst thin and well-marked layer is the cuticle that coats the genital chamber; the next inner layer, the hypodermis, is a little thicker and has various protuberances; and the last thinnest, Þnest, hardly perceptible layer is the basal membrane, which seemed to sustain certain semicircular corpuscles that at Þrst sight resembled a type of tubules or thick conducts (Fig. 2) . Using TEM, this arrangement of layers also was found in the images of cuts taken from the posterior section of the PGC: cuticle, hypodermis, and basement membrane (Figs. 2 and 3) . A ßexible cuticle was observed, consisting of an electrodense epicuticle; a mesocuticle that occupies the third uppermost part of the cuticle and seems fragmented in the histological cuts (forming free blocks immersed in the procuticle); and a lamellate endocuticle (Fig. 2C and D) . The region under the cuticle shows plasmatic folds, and the hypodermis of PGC posterior part shows several cells, apparently glandular (Fig. 3) . Each cell is formed for a large nucleus, mitochondria, endoplasmic reticulum, Golgi complex, and vacuoles (Fig. 4) . The basement membrane, located at the base of the epithelium, extends as a free membrane, offering support to the cellular regions that contain the nuclei and also joins the tracheoles (Figs. 2Ð 4) .
AGs. Two pairs of AGs are found in P. obsoleta females: one spherical form considered to be type I and another tubular form denominated type II (Fig.  5) . The type II AGs project toward type I AGs and PGC. In light microscopy images, an ornamented cuticle which forms tubes was observed in all of the 4 . TEMs of the protractile genital chamber posterior part of P. obsoleta. cu, cuticle; he, hemolymph; hi, hypodermis; mb, basement membrane; mi, mitochondria; n, nucleus; ga, Golgi complex; er, endoplasmic reticule. Scale bar ϭ 500 nm. type I and II AG sections. These tubes project toward the gland light and a hypodermic layer of variable thickness, formed by ßattened cells (Fig.  6 ). The type I AGs present very long cuticle tubes; their tips converge in the center of the spherical structure and their bases are in close contact with the thin layer of epithelial cells (Fig. 6A) . The type II AGs also present cuticular ornamentations that originate from the hypodermis and point toward the center of the tubular structure, although in this type the tubes are thinner than those in type I, with an arrangement that resembles velvet. The gland epithelium is thicker and formed of larger cells with a large nucleus (Fig. 6B) . Using TEM, a thin cuticle, a gland epithelium, mitochondria, and plasmatic folds were observed (Fig. 7) .
Discussion
The presence of several cellular organelles (mitochondria, Golgi complex, and endoplasmic reticule) in hypodermis gland cells of the PGC of P. obsoleta coincides with the established classiÞcation of class I cells, typical of a epithelial gland that produces specialized substances (Noirot and Quennedey 1974, Ma and Ramaswamy 2003) . This epithelial gland type also has been reported in females of Anomala albopilosa albopilosa Hope (Tada and Leal 1997) , H. parallela (Kim and Leal 1999) , and Phyllophaga opaca Moser (Romero-Ló pez et al. 2010). In A. a. albopilosa, one layer of secretory type epithelial cells was observed in the inner surface of both anal plate and two apical sternites. These epithelial cells probably release their volatile products through pores that appear only in the cuticular layer of female beetles adjacent to these glandular cells (Tada and Leal 1997) . Observations of the parafÞn sections of the pheromone gland of H. parallela under light microscopy revealed an exocrine tissue. The tissue was composed of a relatively thin layer of cuticular epithelium immediately exterior to the fat body. The epithelial layer formed a U-shaped arrangement, which corresponded to the folded section of dorsal and ventral lips. These epithelial cells were more or less evenly distributed along the entire tissue but formed some irregular clusters merging into the fat body. Under a higher magniÞcation, these cells appeared columnar-shaped, and within each cell a nucleus was located close to the basal end (Kim and Leal 1999) . However, the secretory cells observed in PGC of P. opaca had similar characteristics to later. The PGC posterior part had a highly folded cuticular intima, forming an internal cavity wall and, near the outside, numerous muscles facing in different directions. In unexposed PGC, histological cuts showed the cuticular intima folds near the opening of AGs. Histologically, the cuticular intima had two different regions. The one nearest the opening of AG conduits is glandular. These glandular cells form cell groups that are covered by a membrane with several large cells Þxed to it. The granules of these cells had periodic acid-SchiffÐpositive secretions, rich in polysaccharides; at the center, there is a vesicle that probably works as a secretion reservoir. These glandular groups are found near the posterior region of PGC, very close to the genital pore. The other region, which is bigger, Fig. 5 . Genitalia of a melolonthid female showing the protractile genital chamber and the accessory glands (I and II), according to P. obsoleta females (modiÞed from CocaAbia and Piera 1991). bc, bursa copulatrix; od, median oviduct; gc, genital chamber; ag I, accessory gland type I; ag II, accessory gland type II. Scale bar ϭ 1 mm. Regarding AGs of P. obsoleta, they presented a histological arrangement characteristic of glands that have a main function of secretion and storage, as well as sporadic transport and substance production function (Ma and Ramaswamy 2003) . Only histological descriptions of AGs have been realized for others melolonthid species. In P. anxia, the two pairs of AGs are positioned internal to the subgenital plates; each gland is composed of thick epithelium that partially surrounds a central region Þlled with refractive, basophilic rods (Berberet and Helms 1972) . For P. opaca females, the AGs are formed by an epithelium that secretes very elongated cells that end in long cuticular conduits, thick-walled and highly sclerotized; secretions are observed within cells, cellular conduits, and glandular conduits (Romero-Ló pez et al. 2010).
As in P. obsoleta, in other species of this group (including P. anxia and P. opaca), such as Rhizotrogus aequinoctialis Herbst, Amphimallon solstitialis L., and Anomala dubia Scopoli (Zamotailov 1988) , the AGs are considered responsible for the production of substances that protect recently laid eggs and could act as a type of sex attractant.
In line with the objectives presented in this study, the tissue evidence shows that the PGC of P. obsoleta is a possible region where the sex pheromone is produced. However, this information needs to be complemented with more studies on sexual behavior and the identiÞcation of the pheromone components in the gland cells of the PGC.
